)
104

Results
106
Reduced occupancy of Y430C-BRD4 at cis-regulatory elements
107
Our previous work suggested that the Y430C mutation abrogates BRD4 binding to acetylated histones
108
in vitro and in vivo 8 . To determine the genome-wide effect of this loss of affinity we carried out BRD4
109
ChIP-seq in two independently-generated mESCs lines engineered by CRISPR-Cas9 to carry the 110 Y430C mutation on both alleles of Brd4. As expected, BRD4 was enriched over CREs (SEs, typical 
114
Supplementary figure S1A-C). Nevertheless, Y430C binding was still sensitive to further perturbation 115 by the BET inhibitor JQ1 (Supplementary figure  1C) . In mESCs, BRD4 binding to SEs regulates the 116 transcription of stem cell identity genes 9 . As BRD4 Y430C occupancy is decreased at the SEs of a number 117 of stem cell identity genes, this suggests that there might be decreased transcription of these genes in 118 mutant cells.
120
Decreased BRD4 at CREs does not affect transcription
121
The use of inhibitors that competitively bind the acetyl-lysine binding pockets of BET proteins has shown 122 that loss of BRD4 binding disrupts the expression of target genes, especially genes regulated by SEs 123 10 . Consistent with this, we observed decreased expression of the SE associated genes Nanog, Myc,
4
Klf4 and Oct4 in WT mESCs after treatment with JQ1 ( Figure  2A ). However, we did not observe any 125 decrease in levels of Klf4, Nanog and Oct4 mRNAs in Y430C cells by RT-qPCR ( Figure  2B ).
126
To determine whether mRNA stability was masking an effect on transcription per se, we performed 4- 
140
We noted that BRD4 Y430C mESCs grew slower, and showed an accumulation of cells in G2/M (33.7%),
141
compared to their WT counterparts (27.8%) ( Figure 3A , B, Supplementary Figure 3A 
149
(CHK1-P) after treatment with neocarzinostatin (NCS), a radiomimetic drug which induces mainly DSBs.
150
CHK1-P is increased in both WT and BRD4 Y430C mESCs cell lines 1hr post NCS treatment, which is 151 resolved by 16hrs. However, the levels of CHK1-P are higher in BRD4 Y430C mESCs, suggesting an 152 increased checkpoint activation ( Figure  3C ). There is a similar increase in CHK1-P at intermediate (2, 
155
These results suggest a defect in DNA repair or signaling caused by BRD4 Y430C . BRD4 has been shown 156 to be directly involved in DNA repair through the transcriptional regulation of DNA repair proteins 24, 25, 28 .
157
However, 4SU-seq showed that transcription of genes encoding DNA repair proteins was unaffected in 
167
Immunofluorescence showed formation of multiple 53BP1 foci, representing DNA damage sites upon
168
DSB induction (1h after NCS treatment). These foci are only present at low levels prior to NCS treatment 169 and decrease in number at 16 and 20h post treatment, as cells repair the damage ( Figure 4A ).
170
Supporting the hypothesis that the Y430C mutation impairs the role of BRD4 role in DDR restriction,
171
we observed that 53BP1 foci are larger in BRD4 Y430C mESCs than in WT ( Figure  4A&B ). 
218
For example, different levels of histone acetylation in different chromatin environments -e.g.
219
heterochromatin vs euchromatin - upon DNA damage may recruit different amounts of BRD4 34, 35 .
220
Could aberrant DDR and DNA repair choice account for some of the phenotypes associated with CdLS?
221
Congenital mutation in genes involved in many different genes involved in cell cycle progression and 
411
Concentration of JQ1+ cDNA was calculated relative to JQ1- (arbitrarily set to 1).
412
RT-PCR
413
RNA was extracted from cells using the RNeasy Mini Kit (Qiagen;; 74104) using spin technology, with
414
an additional on-column DNA digestion using the RNase-Free DNase Set (Qiagen;; 79254 
427
according to the manufacturer's guidelines, eluting in 20 µl water. 1 μl of 4sU-labeled RNA was quality-
428
checked by running on a 2100 Bioanalyzer Instrument (Agilent).
429
To make 4sU sequencing libraries, 4sU labelled RNA was first depleted of rRNA using the Low Input
430
Ribominus Eukaryotic System V2 (ThermoFisher Scientific;; A15027) as per the manufacturer's 431
instructions. 600 ng of 4sU labelled RNA was used as input, and eluted in 5 µl RNase free water. All of 432 the resulting rRNA free RNA was used to prepare 4sU sequencing libraries, using NEBnext Ultra
433
Directional RNA library prep kit of Illumina (NEB;; E7420). RNA fragmentation was carried out at 94°C 
439
Fastq files were quality controlled using FastQC and mapped to the mm9 genome using tophat
440
(parameters: --library-type fr-firststrand -r 200). Homer was used to make tagdirectories
441
(makeTagDirectory, parameters: -unique -sspe -flip -fragLength 150), and to make bedgraphs for 442 visualisation on UCSC (makeUCSCfile, parameters: -strand separate -style rnaseq). Cufflinks was used
443
for peak calling;; transcripts were assembled for individual experiments (cufflinks, parameters: -m 200
444
-library-type fr) and both replicates of WT and Y430C were combined to form one assembly (cuffmerge,
445
parameters: default). Differentially expressed peaks were determined from this assembly using cuffdiff
446
(Cuffdiff. Parameters: default).
447
Heatmaps were generated as above.
448
Spike-in RNA-seq
449
S2 cells were cultured in Schneider's Drosophila Medium (Invitrogen;; 11720-034), supplemented with
450
10% heat-inactivated FCS and 5% penicillin-streptomycin. Cells were passaged once they reached a 451 density of ~2x107 cells/ml and seeded at a density of ~4x106. Cells were grown at 28°C in a 5% CO2
452
humidified atmosphere. Cells were frozen at a density of ~1x107 cells/ml in 45% conditioned 453 mESCs and S2 cells were harvested and counted. 0.2 million S2 cells were mixed with 10 million 456 mESCs, and RNA was extracted using the RNeasy Mini Kit (Qiagen;; 74104) using spin technology,
457
with an additional on-column DNA digestion using the RNase-Free DNase Set (Qiagen;; 79254). RNA
458
was depleted of rRNA and RNA-seq libraries prepared as for the 4sU-seq.
459
Growth assay
460
WT and Y430C mESCs were each seeded in 4 wells of a 6 well plate (1 x 10 4 cells/well). WT and Y430C Vectashield (Vector;; H1000) mounting medium for fluorescence.
500
All slides were viewed, and foci counted, using epifluorescence microscopes. Images were taken using 501 confocal microscopy. RT-qPCR measuring mRNA for Klf4, Oct4 and Nanog in WT and BRD4 Y430C mESCs. mRNA concentration is shown relative to WT set at 1. Data are represented as mean +/-SEM from 3 biological replicates. C) Heatmaps show enrichment of 4sU-seq in WT and BRD4 Y430C cells over transcribed regions (-1kb , TSS and +3kb) (mm9_refseq). D) Scatter plot of the 4SU-seq data in WT and Y430C cells, highlighting pluripotency genes in blue (Nanog, Sox2, Klf4, Esrrb, Pou5f1) . Red dashed line shows best fitted line. Pearson correlation coefficient=0.98. E and F) UCSC browser screenshot showing 4SU-seq reads per 10 million over (E) the Nanog locus and (F) the Klf super-enhancer in WT and BRD4 Y430C mESCs and ChIP-seq tracks for various histone modifications and DNase I hypersensitivity in WT cells. Genome co-ordinates (Mb) are from the mm9 assembly of the mouse genome. Data from a biological replicate in Supplementary figure 2.
Cell number (x10 Mann-Whitney U test. * < 0.05, ** < 0.01, *** < 0.001. C) Representative images of wild-type, R2298 and I1206del LCLs upon 53BP1 and DAPI immunofluorescence. D&E) Box-plots show number of 53BP1 foci per cell and area of 53BP1 foci (µm 2 ), respectively, in WT, R2298H and I1206del LCLs in one representative experiment. Horizontal lines within boxes show medians, boxes are inter-quartile ranges and whiskers are range. P-values were calculated with MannWhitney U test. * < 0.05, ** < 0.01, *** < 0.001.
